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Study and analysis of hydrophilic flora diversity are important parts of environmental research due to various functions of vascular ma-
crophytes in freshwater ecosystems, which deteriorate under the influence of anthropogenic activity and climate change. The aim of this 
study is to analyze the hydrophilic flora diversity (taxa, biology, ecology, and conservation status of species) and current population trends in 
the Sluch River basin, the largest tributary of the Horyn River (the Pripyat River basin), within the Polissya Lowland in the northern-west 
region of Ukraine. The list of hydrophilic flora is based on materials of the authors’ field researches in 2014–2020 within the upper and 
middle parts of the river basin, herbarium materials, and archive data. The study shows that the natural flora consists at least of 105 species of 
vascular plants belonging to 66 genera, 36 families, and 22 orders. Structural analysis shows the predominance of a few families in the sys-
tematic structure of the flora (Cyperaceae, Potamogetonaceae, Poaceae, Ranunculaceae, Plantaginaceae, and Typhaceae) and genera (Pota-
mogeton, Carex); the dominant categories are hemicryptophytes and geophytes, entomophiles and anemophiles, heliophytes and hygrohe-
lophytes. C- and S-strategists are dominant. This is the generally typical taxonomic and ecological structure of the hydrophilic flora of water 
bodies in the Pripyat River basin. The list of rare species includes 20 species from 15 genera and 12 families, for instance, species listed as 
vulnerable in The Red Book of Ukraine (Juncus bulbosus, Utricularia intermedia, Nymphoides peltata). Even rare and vulnerable species 
can form numerous populations in some localities, for example, Nymphoides peltata and Calla palustris. Five alien species were identified 
(Acorus calamus, Elodea canadensis, Zizania latifolia, Bidens frondosa, and Echinocystis lobata), some of which tend to expand and dis-
place aboriginal species. In the future, it will be important to further study the structure and changes in the hydrophilic flora of the region 
under conditions of anthropogenic impact, to monitor the dynamics of populations of alien species, and to develop conservation measures 
for rare species and communities.  




Vascular macrophytes perform various functions in aquatic ecosys-
tems: the plants synthesize primary organic matter, release oxygen into 
water, and fix atmospheric carbon; they are an organic substrate for river 
biocenoses generally. Communities of vascular aquatic plants are highly 
productive centers of biodiversity (French & Chambers, 1996; Gross 
et al., 2001; Grenouillet et al., 2002; Elser et al., 2007), create heterogene-
ous conditions in the aquatic environment and, accordingly, increase the 
number of ecological niches for animals, allow prey to avoid contact with 
predators (Harrel & Dibble, 2001; Rennie & Jackson, 2005; Dibble et al., 
2006; Casartelli & Ferragut, 2018; Law et al., 2019). Rare species general-
ly increase the aesthetic, cultural, and taxonomic value of biodiversity 
(Papchenkov, 2001; Mouillot et al., 2013; Adamec, 2018). In addition, 
macrophytes neutralize anthropogenic pollution of water bodies – they 
actively participate in self-purification processes, perform a barrier func-
tion by obstructing the flushing of organic and mineral pollutants from the 
catchment area into rivers and streams (Dhote & Dixit, 2009; O’Hare 
et al., 2018; Lv et al., 2019; Ganzha et al., 2020). At the same time, among 
the aquatic macrophytes, there are the most dangerous invasive weeds in 
the world due to their high productivity, wide ecological tolerance, ability 
to rapidly spread seeds and propagules (Pieterse & Murphy, 1993; Fle-
ming & Dibble, 2015; Aronson et al., 2017). The analysis of the dynamics 
of distribution of rare and alien plant species is an important component of 
phytomonitoring of water bodies, with the ultimate goal of regulating their 
numbers and preventing negative changes (Protopopova et al., 2006; Bilz 
et al., 2011; The IUCN Red List of Threatened Species, 2014; Fleming & 
Dibble, 2015).  
Study and analysis of hydrophilic flora diversity is an important part 
of environmental researches due to current trends of human impact and 
climate change. It is known from the literature that the greatest threat to 
aquatic plants in Europe is the direct loss of habitat as a result of ecosystem 
transformation (Bilz et al., 2011; Jones et al., 2020; Zarfl & Lehner, 2020); 
some wetlands and parts of them, or entire wetland complexes have been 
drained for agricultural needs in Europe and certain regions (Tena et al., 
2017; Water and agriculture: towards sustainable solutions, EEA Report 
17/2020). According to scientists, as a result of the drainage, Europe prob-
ably lost almost half of its wetlands, and this has necessitated the devel-
opment of protection measures and implementation of projects to restore 
drained wetlands (Hughes, 2003; Dugan, 2005; Keddy, 2010). Among 
the anthropogenic threats to aquatic flora in Central and Eastern Europe, 
drainage reclamation and anthropogenic eutrophication are especially 
dangerous for the vegetation cover of water bodies (Dubyna et al., 1993; 
Smith, 2003; O’Hare et al., 2018). For example, the hydrophilic flora in 
the southern part of the Rivne region in Ukraine has been poorer than in its 
northern part as a consequence of the complex influence of abiotic condi-
tions and anthropogenic impact on the water bodies, which include eutro-
phication and pollution (Grokhovskaya & Volodymyretc, 2015). Today, 
scientists in Western and Central Europe pay much attention to the study 
of the dynamics of invasive aquatic and wetland plants. A set of publica-
tions has been devoted to this topic (Havel et al., 2015; Hussner et al., 
2017; Ribaudo et al., 2018; Bolpagni et al., 2020). They primarily draw 
attention to the spread of new species, analyze the factors that contribute to 
this process. This study aims to analyze the hydrophilic flora diversity 
(taxa, biology, ecology, and conservation status of species) and current 
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Materials and methods  
 
The objects of the study were water bodies in the Sluch River basin 
(within the upper and middle parts of the river) in the northern-west region 
of Ukraine. The Sluch River, the largest right-bank tributary of the Horyn 
River (the Pripyat River basin), flows through Zhytomyr and Rivne re-
gions (Zhytomyr Oblast and Rivne Oblast). The basin is within the 16th 
European ecoregion by the Water Framework Directive (2000). The list 
of hydrophilic flora is based on materials of the authors’ field researches, 
herbarium materials, and archive data. The collection and processing of 
material were carried out according to generally accepted methods (Ka-
tanskaja, 1981; Abakumov, 1983). Data for this study were collected in 
2014–2020 during the period from May to September. The studies were 
conducted based on the Department of Aquatic Bioresources at the Na-
tional University of Water and Environmental Engineering. The 8 sites 
were located on the main river (Sluch) and two of its tributaries (Korchyk 
and Chorna, Fig. 1, Table 1).  
  
Fig. 1. Sampling sites in the Sluch River basin:  
rivers and sampling sites are listed in Table 1  
The frequency of species occurrence was estimated based on sample 
plot descriptions (10 x 10 m) at a rate of 7 to 15 depending on local condi-
tions. By scientific data, the hydrophilic flora includes all species that are 
typical aquatic and coastal aquatic plants. The list of macrophytes of 
Ukraine (Dubyna et al., 1993) and the world aquatic flora by Raspopov 
et al. (2011) was taken as a basis. The classification of flowering plants 
was given by the system of Angiosperm Phylogeny Group (2016). Con-
servation status of species was established by the Red Book of Ukraine 
(Didukh et al., 2009), a regional Red List (Danylyk & Volodymyrets, 
2018), and The Red List of Water Maсrophytes of Ukraine (Dubyna et al., 
1993). Belonging to biological and ecological groups, the category of life 
strategies was established mainly due to scientific sources (Sculthorpe, 
1967; Grime, 1977; Dubyna et al., 1993; Papchenkov, 2000, 2001; Ras-
popov et al., 2011). Alien species were analyzed according to generally 
accepted criteria (Protopopova & Shevera, 2005). Groups of alien plants 




Taxonomic diversity. The natural hydrophilic flora of the river basin 
consists of at least of 105 species of vascular plants, which belong to 
66 genera and 36 families (Table 2). The largest number of taxa was 
found in the middle part of the river (Table 1, sites 2–4).  
Biomorphs. According to the classification of life forms, all species 
identified within the basin belong to the group of herbaceous plants. 
Of these, two species (Callitriche palustris and Limosella aquatica) are 
annual (1.9%), Ranunculus sceleratus – annual or biennial plant, and 102 
are perennial (97.1%). Most higher aquatic plants are capable of vegeta-
tive propagation, which often predominates; some species under the con-
ditions of the studied region reproduce exclusively in a vegetative way 
(alien Acorus calamus and Elodea canadensis). However, generative 
reproduction is in the first place for a few species such as Caltha palustris 
and Ranunculus lingua.  
Climamorphs. According to plant life-form system, the species are 
distributed as follows: hemicryptophytes – 54 species (51.4%), crypto-
phytes – 46 species (geophytes – 36 species / 34.3%, hydrophytes – 10 
species / 9.5%, and therophytes – 5 species / 4.8% (Fig. 3a).  
Pollination. By the method of pollination, entomophily, or insect pol-
lination, predominates – 50 species, which make up 48.5% of 103 flowe-
ring plants species (Fig. 3b). Anemophilous species (wind pollination) 
make up almost one-third (32 species / 31.1%). There is only one hydro-
philous species (pollen is distributed by the flow of water) – Ceratophyl-
lum demersum. Among the identified species, there are 20 species 
(19.4%) capable of pollination by several agents. For example, Hottonia 
palustris is pollinated with the help of wind and insects, Stuckenia pectina-
ta – by wind and water flow, Sparganium emersum is usually pollinated 
by the wind, but also capable of self-pollination (autogamy).  
Spreading. In terms of spread plant seeds and propagules method, the 
largest group is hydrochores (dispersal by water) – 72 species (68.6%). 
The next group by the number of species is zoochores (dispersal by ani-
mals) – 58 species (55.2%). The rest of the species can disperse seeds and 
propagules by wind – anemochory (28 species / 26.7%), by gravity alone – 
barochory (14 species / 13.3%), by humans – anthropochory (5 species / 
4.8%), and without any help from an external vector – autochory (5 spe-
cies / 4.8%). Only 31 species (29.5%) spread seeds and propagules in one 
way, such as hydrochory in Utricularia intermedia, or anemochory in 
Phragmites australis. Other plant species are capable of propagation by 
various agents (Fig. 3c).  
Table 1  
Sampling sites in the Sluch River basin  
Site  
No. Administrative location and site description 
The distance from  
the mouth, km The geographical coordinates  
1 The Sluch River near the city of  Sarny, Rivne region   50.5 51°19'02" N 26°38'10" E 
2 The Sluch River near the town of Sosnove in Berezne district, Rivne region 134.0 50°49'43"N  27°00'50"E 
3 The Sluch River near village Hubkiv  in Berezne district, Rivne region 137.0 50°49'19"N 27°03'18"E 
4 The Sluch River near vil. Marynyn in Berezne district, Rivne region 143.0 50°49'03"N 27°06'55"E 
5 The Sluch River in the city of Novohrad-Volynskyi, Zhytomyr region 201.7 50°35'51"N 27°37'28"E 
6 The Korchyk River near the city of Korets, Rivne region   38.3 50°36'15"N 27°08'11"E 
7 The Vershnytsya River near vil. Chyzhivka in Novohrad-Volynsky district, Zhytomyr region     0.9 50°40'59"N 27°36'59"E 
8 Wetlands in the Sluch River basin, near an unnamed stream in between vil. Chyzhivka and Vilshanka in Novohrad-Volynsky district, Zhytomyr region     2.1 50°41'46"N 27°37'26"E 
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Table 2  
Diversity of hydrophilic plants in the Sluch River basin  
Order Family Species Frequency of  occurrence Ecotype 
Conservation  
status Native / Alien 
Equisetales  Equisetaceae  Equisetum fluviatile L. 2 II – N 
Polypodiales Thelypteridaceae Thelypteris palustris (A. Gray) Schott 1 IV – N 
Nymphaeales Nymphaeaceae Nuphar lutea (L.) Smith 3 I C3 N 
Nymphaea alba L. 1 I C3, RLR N 
N. candida J. Presl 2 I C3, RLR N 
Acorales Acoraceae Acorus calamus L. 1 II – Alien / Arch. 
Alismatales Alismataceae Alisma plantago-aquatica L. 4 II – N 
Sagittaria sagittifolia L. 4 II – N 
Araceae Calla palustris L. 1 II C3 N 
Lemna  minor L. 4 I – N 
L. trisulca L. 3 I – N 
Spirodela polyrrhiza (L.) Schleid. 4 I – N 
Butomaceae Butomus umbellatus L. 3 II – N 
Hydrocharitaceae Elodea canadensis Michx. 2 I – Alien / Ken. 
Hydrocharis morsus-ranae L. 3 I – N 
Stratiotes aloides L. 1 I – N 
Potamogetonaceae  Potamogeton acutifolius Link 1 I NT↓ N 
P. alpinus Balb. 1 I C1, RLR N 
P. berchtoldii Fieber 2 I – N 
P. crispus L. 3 I – N 
P. friesii Rupr. 1 I RLR N 
P. gramineus L. 1 I C3 N 
P. lucens L. 3 I – N 
P. natans L. 2 I – N 
P. nodosus Poir. 3 I – N 
P. perfoliatus L. 3 I – N 
Stuckenia pectinata (L.) Böerner 4 I – N 
Asparagales Iridaceae Iris pseudacorus L. 2 III – N 
Poales Cyperaceae Carex acuta L. 3 III – N 
C. acutiformis Ehrh. 4 III – N 
C. elata All. 2 IV – N 
C. pseudocyperus L. 2 IV – N 
C. riparia Curtis 2 IV – N 
C. rostrata Stokes 3 III – N 
C. vesicaria L. 3 III – N 
Eleocharis acicularis (L.) Roem. & Schult. 2 III – N 
E. palustris (L.) Roem. & Schult. 3 III – N 
Schoenoplectus lacustris (L.) Palla 3 II – N 
S. tabernaemontani (C.C. Gmel.) Palla 2 II – N 
Scirpus sylvaticus L. 4 IV – N 
Juncaceae Juncus bulbosus L. 1 IV Vul. N 
J. effusus L. 2 IV – N 
Poaceae Agrostis stolonifera L. 3 V – N 
Catabrosa aquatica (L.) P. Beauv. 2 V – N 
Glyceria fluitans (L.) R. Br. 4 III – N 
G. maxima (C. Hartm.) Holmb. 5 II – N 
G. notata  Chevall. 2 III – N 
Leersia oryzoides (L.) Sw. 2 IV – N 
Phalaroides arundinacea (L.) Rausch. 4 IV – N 
Phragmites australis (Cav.) Trin. ex Steud. 4 II – N 
Zizania latifolia (Griseb.) Turcz. ex Stapf. 1 II – Alien / Euken. 
Typhaceae Typha angustifolia L. 3 II – N 
T. latifolia L. 3 II – N 
Sparganium emersum Rehmann 2 II – N 
S. erectum L. 3 II – N 
S. natans L. 1 II NT↓, C2, RLR N 
Ceratophyllales Ceratophyllaceae Ceratophyllum demersum L. 4 I – N 
Ranunculales Ranunculaceae Caltha palustris L. 2 III – N 
Batrachium aquatile (L.) Dumort. 1 I RLR N 
B. circinatum (Sibth.) Spach 2 I RLR N 
Ranunculus flammula L. 2 IV – N 
R. lingua L. 1 IV – N 
R. sceleratus L. 2 III – N 
Saxifragales Haloragaceae Myriophyllum spicatum L. 4 I – N 
M. verticillatum L. 3 I – N 
Rosales Rosaceae Comarum palustre L. 2 III – N 
Cucurbitales Cucurbitaceae Echinocystis lobata (Michx.) Torr. et Gray 3 V – Alien / Euken. 
Myrtales Lythraceae  Lythrum salicaria L. 4 III – N 
Onagraceae Epilobium hirsutum L. 3 IV – N 
Epilobium parviflorum Schreb. 4 IV – N 
Brassicales Brassicaceae  Cardamine pratensis L. 3 V – N 
Rorippa amphibia (L.) Besser 2 III – N 
R. palustris (L.) Besser 4 IV – N 
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Order Family Species Frequency of  occurrence Ecotype 
Conservation  
status Native / Alien 
Caryophyllales Caryophyllaceae Myosoton aquaticum (L.) Moench 3 IV – N 
Polygonaceae Persicaria amphibia (L.) Delarbre 3 I – N 
P. hydropiper (L.) Delarbre 3 IV – N 
Rumex hydrolapathum Huds. 3 III – N 
Ericales Primulaceae Hottonia palustris L. 1 II C3 N 
Lysimachia vulgaris L. 3 IV – N 
Naumburgia thyrsiflora (L.) Rchb. 2 IV – N 
Boraginales  Boraginaceae  Myosotis palustris (L.) L. 3 IV – N 
Gentianales Rubiaceae Galium palustre L. 3 IV – N 
G. rivale (Sibth. & Sm.) Griseb. 2 IV – N 
Solanales Convolvulaceae Calystegia sepium (L.) R. Br. 3 V – N 
Solanaceae Solanum dulcamara L. 2 IV – N 
Lamiales Lamiaceae Lycopus europaeus L. 4 IV – N 
Mentha aquatica L. 2 IV – N 
M. verticillata L. 3 IV – N 
Lentibulariaceae Utricularia intermedia Hayne 1 I Vul., C3 N 
U. vulgaris L. 1 I – N 
Plantaginaceae Callitriche palustris L. 2 I C3 N 
Hippuris vulgaris L. 1 III RLR N 
Veronica anagallis-aquatica L. 3 III – N 
V. anagalloides Guss. 2 IV – N 
V. beccabunga L. 1 III RLR N 
Scrophulariaceae Limosella aquatica L. 1 IV RLR N 
Asterales Menyanthaceae Menyanthes trifoliata L. 1 III – N 
Nymphoides peltata (S.G. Gmel.) Kuntze 1 I Vul., C2 N 
Asteraceae Bidens cernua L. 1 IV – N 
B. frondosa L. 4 V – Alien / Euken. 
B. tripartita L. 2 IV – N 
Apiales Apiaceae  Berula erecta (Huds.) Coville 1 III C4 N 
Cicuta virosa L. 1 III – N 
Oenanthe aquatica (L.) Poir. 2 III – N 
Sium latifolium L. 3 III – N 
Notes: frequency of occurrence of species according to route researches in 2014–2020: 1 – rare (single localities) and sporadic species, which have been identified on less than 
20% plots; 2 – uncommon species which could be found on 20–40% plots; 3 – common species which occur on 40–60% plots; 4 – common species which occur frequently, on 
60–80% plots; 5 – the most common species, which have been found on more than 80% plots; ecotypes: І – hydrophytes, ІІ – helophytes, ІІІ – hydrohelophytes, IV – hygro-
phytes, V – hygromeso- and mesophytes (Papchenkov, 2000, 2001); conservation status: NT – near threatened, ↓ – decreasing current population trend by IUCN (2021); Vul. – 
vulnerable, by The Red Book of Ukraine (Didukh et al., 2009);  C1–C4 – by The Red List of Aquatic Maсrophytes of Ukraine (Dubyna et al., 1993): C1 – critically endangered 
species, C2 – species under severe threat, C3 – threatened species, C4 – species that are currently not rare, but tend to reduce their range and, therefore, need conservation atten-
tion; RLR – Red List of Rivne Region (Danylyk & Volodymyrets, 2018): “–“– without conservation status; N – native (resident), Alien (introduced): Arch. – archaeophyte, 
Ken. – kenophyte, Euken. – eukenophyte; as can be seen from the table above, the most numerous orders are Poales (28 species / 26.7%), Alismatales (21 species / 20.0%), 
Lamiales (11 species / 10.5%), Ranunculales (6 species / 5.7%), Asterales (5 species / 4.8%), Caryophyllales and Araliales (4 species / 3.8%); the most numerous families turned 
out to be Cyperaceae (12 species / 11.4%), Potamogetonaceae (11 species / 10.5%), Poaceae (9 species / 8.6%), Ranunculaceae (6 species / 5.7%), Plantaginaceae and Typha-
ceae (5 species / 4.8%), Araceae and Apiaceae (4 species / 3.8%); together, these families comprise 53.3% of the total plant species composition; the share of the remaining 
28 families is 46.7%, of which 14 are represented by only single species. In terms of the number of species, the richest are such genera as Potamogeton (10 species / 9.5%) and 
Carex (7 species / 6.7%) (Fig. 2).  
  
Fig. 2. Proportions of supraspecific taxa of hydrophilic flora of the Sluch River basin according to the number of species:  
a – spectrum of orders; b – spectrum of families; c – spectrum of genera  
  
Fig. 3. Proportions of ecobiomorph of hydrophilic flora in the Sluch River basin according to the number of species (I): a – spectrum of plant life-forms  
by Raunkiær system (1934); b – spectrum of the method of pollination; c – spectrum of the method of seeds and propagules dispersal  
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Fig. 4. Proportions of ecobiomorph of hydrophilic flora in the Sluch River basin according to the number of species (II):  
a – spectrum in relation to lighting; b – spectrum of hydromorphs; c – spectrum of plant strategies; C – competitors, S – stress tolerators, R – ruderals  
Heliomorphs. The spectrum of the region's hydrophilic flora concer-
ning lighting has shown the heliophytes and heliosciophytes groups do-
minate (54.3% and 41.0%, respectively, Fig. 4a). Representatives of the 
genus Utricularia (2 species), as well as Equisetum fluviatile, Calla palu-
stris, Carex pseudocyperus belong to a small group of sciophytes (4.7%).  
Hydromorphs. The spectrum of ecotypes in the flora of the Sluch Ri-
ver by Papchenkov (2000, 2001) is as follows: hydrophytes – 30 species 
(28.6%), helophytes – 17 species (16.2%), hydrohelophytes – 23 species 
(21.9%), hygrophytes – 29 species (27.6%), hygromeso- and mesophytes – 
6 species (5.7%, Table 2). In addition, the volume of ecotypes has been 
determined based on the floristic list by Raspopov et al. (2011) (Fig. 4b). 
There are 32 species (30.5%) of hydrophytes in the flora. These aquatic 
plants are divided into four ecological groups: submerged, rooted with 
floating leaves, or without them, as well as free-floating on the surface of 
the water or in its column. Submerged rooted species predominate quanti-
tatively – 15 species (14.3%). The next ecological group – hydrophytes 
rooted with floating leaves – 10 species (9.5%). Of the group of hydro-
phytes that float freely in the water column, 4 species have been identified 
(3.8%), and 3 species are floaters on the water surface (2.9%). Helophytes 
include 16 species (15.2%). The ecotype is divided into two ecological 
groups – low-grass helophytes, which are plants with a height of 60–
100 cm and less (9 species / 8.6%), and high-grass helophytes (7 species / 
6.7%). There are 57 species of hygrohelophytes in the flora (54.3%).  
Plant strategies. According to C-S-R scheme, the species of the flora 
were distributed as follows (Fig. 4c): C-competitors – 32 species (30.5%), S-
stress tolerators – 29 species (27.6%), R-ruderals – 12 species (11.4%), and 
transitional between two or three strategic types – 32 species (30.5%). Thus, 
the dominant plant life strategies are C- and S-strategists (58.1% in total).  
Conservation status of species. The flora includes three species (Jun-
cus bulbosus, Utricularia intermedia, and Nymphoides peltata) which 
belong to the Red Book of Ukraine (Didukh et al., 2009), and also repre-
sentatives of four categories by the Red List of Aquatic Macrophytes of 
Ukraine (Dubyna et al., 1993):  
– (C1) critically endangered species – Potamogeton alpines;  
– (C2) species under severe threat – Nymphoides peltata, Sparganium 
natans;  
– (C3) threatened species – Calla palustris, Callitriche palustris, Hot-
tonia palustris, Nuphar lutea, Nymphaea alba, N. candida, Potamogeton 
gramineus, Utricularia intermedia;  
– (C4) species that are currently not rare but tend to reduce their range 
and therefore need conservation attention – Berula erecta.  
Of the 258 species listed as regionally rare and endangered (Danylyk 
& Volodymyrets, 2018), 10 species are included in the list of hydrophilic 
flora. In general, the list of rare species includes 20 species from 15 genera 
and 12 families. 
Distribution of species. Analysis of the species occurrence frequency 
has shown that 25 species (23.8%) of vascular macrophytes were quite 
rare (up to 20% plots). A very low frequency is primarily characteristic of 
most rare species, including Batrachium aquatile, Hippuris vulgaris, 
Hottonia palustris, Juncus bulbosus, Limosella aquatica, etc. However, 
even rare species, that are protected by the law via the national and Re-
gionnal Red Lists, can form numerous populations in some water bodies, 
such as Nymphoides peltata in the Sluch River between the settlements of 
Sosnove and Marynyn, Rivne region (Fig. 5; sites 2–4 in Table 1), or 
Calla palustris in wetlands within Zhytomyr region (Fig. 6; site 8 in Table 1).  
The frequency of occurrence of 20–40% plots is characteristic of 
30 species (28.6%). Uncommon species were Equisetum fluviatile, Elo-
dea canadensis, Eleocharis acicularis, Iris pseudacorus, Nymphaea can-
dida, Potamogeton natans, Schoenoplectus tabernaemontani, Sparga-
nium demersum, Solanum dulcamara, etc.  
32 species (30.5%) were found on 40–60% plots, for instance, Buto-
mus umbellatus, Glyceria fluitans, Hydrocharis morsus-ranae, Lemna tri-
sulca, Nuphar lutea, Persicaria amphibia, Potamogeton perfoliatus, 
P. crispus, Rumex hydrolapathum, Schoenoplectus lacustris, Sparganium 
erectum, Typha angustifolia, etc.  
  
Fig. 5. Nymphoides peltata (S. G. Gmel.) Kuntze is listed as a vulnerable species  
in the Red Book of Ukraine (Didukh et al., 2009); the Sluch River is the only reliably known locality of the species within Rivne region:  
a numerous population in shallow waters in Sarny district (a), aquatic (b) and terrestrial (c) forms (2015)  
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Fig. 6. Calla palustris L. is a threatened species listed in the Red List of Aquatic Macrophytes of Ukraine (Dubyna et al., 1993);  
a population of the species on a wetland in the Sluch River basin, Novohrad-Volynskyi district, Zhytomyr region (2014)  
17 species (16.2%) were found on 60–80% plots, in particular Alisma 
plantago-aquatica, Ceratophyllum demersum, Lemna minor, Myriophyl-
lum spicatum, Phragmites australis, Sagittaria sagittifolia, Scirpus sylva-
ticus, Spirodela polyrrhiza, Stuckenia pectinata, etc.  
Glyсeria maxima is the most common species, dominant of commu-




This study has shown that spontaneous hydrophilic flora of the Sluch 
River basin turned out to be relatively rich and typical for such water 
bodies in terms of taxonomic and ecological structure (Dubyna et al., 
1993; Papchenkov, 2000, 2001; Chambers et al., 2008). These results are 
in line with those of previous studies. In particular, the flora makes up 
almost 54% of the total species composition of the hydrophilic flora of  
Rivne region and indicates a significant species diversity of the studied 
basin (Grokhovskaya & Volodymyretc, 2015a; Grokhovska & Volody-
myretc, 2015b). The same families (Cyperaceae, Potamogetonaceae, and 
Poaceae) are also in the spectrum of numerous families of the hydrophilic 
flora of the region and the species composition of small rivers in the forest-
steppe part of the Horyn River basin. The genera Potamogeton and Carex 
also turned out to be the most numerous in the composition of the hydro-
philic flora of the region. The only reliably known locality of Nymphoides 
peltata within the Rivne region is within the studied territory.  
A possible explanation for these results may be that the vegetation 
cover of the water bodies is least disturbed in comparison with other land-
scapes of the region, despite anthropogenic pressure due to economic 
activity. In particular, this study has identified rare and endangered species, 
which were included in international, national, and regional Red Lists. 
Two species (Sparganium natans and Potamogeton acutifolius) were 
assessed as near threatened (NT) (The IUCN Red List of Threatened 
Species, 2014). Most species of the flora have the IUCN (2021) conserva-
tion status – least concern (LC) and stable population trend. Juncus bulbo-
sus, Utricularia intermedia and Nymphoides peltata are included in the 
Red Book of Ukraine as vulnerable in terms of conservation status. These 
species are quite rare in the study area and known only from separate 
isolated localities. The most numerous populations are characteristic of 
Nymphoides peltata. Among the species subject to regional protection 
(Danylyk & Volodymyrets, 2018), the rarest were Nymphaea alba, Po-
tamogeton alpinus, and Sparganium natans.  
On the other hand, changes in the vegetation cover of water bodies 
occur as a result of natural and anthropogenic factors, and the state of 
aquatic vegetation is an objective indicator of the processes occurring 
within the catchment area and aquatic ecosystems. Anthropogenic trans-
formation is primarily manifested in the distribution of submerged hydro-
phytes, which are known to be most sensitive to the state of the aquatic 
environment and are used as its bioindicators (Dubyna et al., 1993; Zub 
et al., 2018; Fedonyuk et al., 2020; Mushtaq et al., 2020). For example, the 
current population trend of Sparganium natans is decreasing in Europe 
and globally; threats: natural system modifications and pollution (agricul-
tural & forestry effluents) (The IUCN Red List of Threatened Species, 
2014). The reasons for the decline in the population of Potamogeton acuti-
folius are not entirely clear, but it seems likely that this species does not 
withstand anthropogenic hyper-eutrophication (Preston et al., 2002; Kap-
lan, 2010). That is, the threat to this pondweed is the intensification of 
agriculture and aquaculture.  
Significant transformation of plant communities with the participation 
of hydrophilic species in the region is similar to processes that are happe-
ning in other parts of the world. This is due to a decrease in water content, 
fragmentation of the river network, eutrophication of aquatic ecosystems, 
spreading and naturalization of alien plant species. The anthropogenic 
impact is aggravated by climatic changes that have been taking place in 
the region in recent decades (Smith, 2003; Tena et al., 2017; Ivanyuta 
et al., 2020). In particular, within the city of Novohrad-Volynskyi (site 5 in 
Table 1) there has been an expansion of the populations of Nuphar lutea 
and Potamogeton nodosus, as well as free-floating representatives of the 
Araceae family – duckweeds. This is due to the slowing of the current and 
the shallowing of the river in recent decades.  
Anthropogenic homogenization of the vegetation cover to a certain 
extent is also characteristic of aquatic ecosystems. In total, five alien plant 
species (4.8% of the flora) occur in the Sluch River basin: archaeophyte 
Acorus calamus, kenophyte Elodea canadensis, eukenophytes Zizania 
latifolia, Bidens frondosa, and Echinocystis lobata. It should be noted that 
all alien plant species are agrioepecophytes or agriophytes by the degree of 
naturalization and already have overcome environmental barriers in natu-
ral or seminatural vegetation (Kornaš, 1968; Richardson et al., 2000; Pro-
topopova & Shevera, 2005; Protopopova et al., 2006). Acorus calamus, 
Bidens frondosa, and Echinocystis lobata are included in the list of the 
highly invasive plant species threatening forest, steppe, and submediterra-
nean zones of Ukraine (Protopopova et al., 2006).  
Our research in the Sluch River basin shows the current trend of Aco-
rus calamus and Elodea canadensis populations as decreasing in the past 
decade. At the same time, there has been a rapid spread in the Pripyat 
River basin of alien coastal species Bidens frondosa and Echinocystis 
lobata. These species have an increasing population trend in the region. 
Moreover, invasive Bidens frondosa (North American origin) quickly dis-
places other native aboriginal species of this genus in hydrophilic com-
munities, and the species is currently in a state of expansion. The predo-
308 
 
Biosyst. Divers., 2021, 29(3)  
minance of eukenophytes in the list of alien plants indicates the intensifica-
tion of the invasion processes and growth of anthropogenic pressure on 




This study has identified that the hydrophilic flora in the Sluch River 
basin consists at least of 105 species of vascular plants, which are typical 
of aquatic ecosystems in the Pripyat River basin. This is reflected in the 
results of structural analysis, which show the predominance of a few fami-
lies and genera in the systematic structure, the dominance of hemicrypto-
phytes and geophytes, entomophiles and anemophiles, and  heliophytes. 
In the spectrum of hydromorphs, the first place in the number of species is 
taken by hygrohelophytes (53%), the second – hydrophytes (31%), the 
third – helophytes (15%). The dominant strategies according to Grime’s 
C-S-R scheme are C- and S-strategists (58% in total). The flora also in-
cludes rare and endangered species listed in The Red Book of Ukraine, 
representatives of 4 categories of the Red List of Aquatic Macrophytes of 
Ukraine, and 10 species listed as regionally rare and endangered. The 
present study adds to the growing body of research on alien species: there 
are five alien species, some of which tend to expand and displaces abori-
ginal species. Further research should be undertaken to explore a larger 
area of the Sluch River basin, primarily its other tributaries, to identify new 
localities of rare and alien species, to monitor the dynamics of populations 
of these species, and to develop the conservation measures for rare species 




Abakumov, V. A. (1983). Rukovodstvo po metodam gidrobiologicheskogo analiza 
vod i donnykh otlozheniy [Manual on methods of hydrobiological analysis of sur-
face waters and bottom sediments]. Gidrometeoizdat, Leningrad (in Russian).  
Adamec, L. (2018). Biological flora of Central Europe: Aldrovanda vesiculosa L. 
Perspectives in Plant Ecology, Evolution and Systematics, 35, 8–21.  
Angiosperm Phylogeny Group (2016). An update of the Angiosperm Phylogeny 
Group classification for the orders and families of flowering plants: APG IV. 
Botanical Journal of the Linnean Society, 181(1), 1–20.  
Aronson, M. F., Patel, M. V., O’Neill, K. M., & Ehrenfeld, J. G. (2017). Urban ripari-
an systems function as corridors for both native and invasive plant species. Bio-
logical Invasions, 19(12), 3645–3657.  
Bilz, M., Kell, S. P., Maxted, N., & Lansdown, R. V. (2011). European Red List of 
Vascular Plants. Publications Office of the European Union, Luxembourg.  
Bolpagni, R., Lastrucci, L., Brundu, G., & Hussner, A. (2020). Editorial: Multiple 
roles of alien plants in aquatic ecosystems: From processes to modelling. Fron-
tiers in Plant Science, 21, 1299.  
Casartelli, M. R., & Ferragut, C. (2018). The effects of habitat complexity on peri-
phyton biomass accumulation and taxonomic structure during colonization. 
Hydrobiologia, 807, 233–246.  
Chambers, P. A., Lacoul, P., Murphy, K. J., & Thomaz, S. M. (2008). Global diversi-
ty of aquatic macrophytes in freshwater. Hydrobiologia, 595, 9–26.  
Coughlan, N. E., Kelly, T. C., & Jansen, M. A. K. (2017). “Step by step”: High fre-
quency short-distance epizoochorous dispersal of aquatic macrophytes. Biologi-
cal Invasions, 19(2), 625–634.  
Danylyk, І. M., & Volodymyrets, V. О. (2018). Pro zatverdzhennya pereliku rehio-
nalno ridkisnykh i takykh, shcho perebuvayut’ pid zahrozoyu znyknennya, vy-
div roslyn na terytoriyi Rivnenskoji oblasti ta Polozhennia do nioho [On ap-
proval of the List of Regionally Rare and Endangered Plant Species on the Ter-
ritory of Rivne Region and the Regulations to it]. Decision of the Rivne Region-
al Council, Rivne (in Ukrainian).  
Dhote, S., & Dixit, S. (2009). Water quality improvement through macrophytes – a 
review. Environmental Monitoring and Assessment, 152, 149–153.  
Dibble, E. D., Thomaz, S. M., & Padial, A. A. (2006). Spatial complexity measured 
at a multi-scale in three aquatic plant species. Journal of Freshwater Ecology, 21, 
239–247.  
Didukh, Y. P. (Ed.). (2009). Chervona knyha Ukrajiny. Roslynnyj svit [The Red 
Data Book of Ukraine. Plant world]. Hlobalkonsaltynh, Kyiv (in Ukrainian).  
Dubyna, D. V., Dzyuba, T. P., Dvorets’kii, T. V., Zolotar’ova, O. K., Taran, N. Y., 
Mosyakin, A. S., Yemel’yanova, S. M., & Kazarinova, G. O. (2017). Invasive 
aquatic macrophytes of Ukraine. Ukrainian Botanical Journal, 74(3), 248–262.  
Dubyna, D. V., Hejny, S., Hroudova, Z., Husak, S., Erzhabkova, O., Otyagelova, G., 
Sytnik, K. M., Stoyko, S. M., Tasenkevich, L. A., & Shelyag-Sosonko, Y. R. 
(1993). Makrofity – indikatory izmenenij prirodnoj sredy [Macrophytes as indi-
cators of environmental changes]. Naukova Dumka, Kyiv (in Russian).  
Dugan, P. (2005). Guide to wetlands. Firefly Books, New York, Buffalo.  
Elser, J. J., Bracken, M. E., Cleland, E. E., Gruner, D. S., Harpole, W. S., Hillebrand, 
H., Ngai, J. T., Seabloom, E. W., Shurin, J. B., & Smith, J. E. (2007). Global 
analysis of nitrogen and phosphorus limitation of primary producers in freshwa-
ter, marine and terrestrial ecosystems. Ecology Letters, 10, 1135–1142.  
Fedonyuk, T. P., Fedoniuk, R. H., Zymaroieva, A. A., Pazych, V. M., & Aristarkho-
va, E. O. (2020). Phytocenological approach in biomonitoring of the state of aq-
uatic ecosystems in Ukrainian Polesie. Journal of Water and Land Develop-
ment, 44, 65–74.  
Fleming, J. P., & Dibble, E. D. (2015). Ecological mechanisms of invasion success in 
aquatic macrophytes. Hydrobiologia, 746(1), 23–37.  
French, T. D., & Chambers, P. A. (1996). Habitat partitioning in riverine macrophyte 
communities. Freshwater Biology, 36, 509–520.  
Ganzha, C. D., Gudkov, D. I., Ganzha, D. D., & Nazarov, A. B. (2020). Accumula-
tion and distribution of radionuclides in higher aquatic plants during the vegeta-
tion period. Journal of Environmental Radioactivity, 222, 106361.  
Grenouillet, G., Pont, D., & Seip, K. L. (2002). Abundance and species richness as a 
function of food resources and vegetation structure: Juvenile fish assemblages in 
rivers. Ecography, 25(6), 641–650.  
Grime, J. P. (1977). Evidence for the existence of three primary strategies in plants 
and its relevance to ecological and evolutionary theory. American Naturalist, 
111(982), 1169–1194.  
Grokhovska, Y. R., & Volodymyrets, V. A. (2015). Vydovyj sklad sudynnykh ros-
lyn malykh richok lisostepovoji chastyny basejnu Horyni [Species composition 
of vascular plants of small rivers in the forest-steppe  part of the Horyn River ba-
sin]. Nature of Western Polissya and Adjacent Territories, 12, 110–116 
(in Ukrainian).  
Grokhovskaya, Y. R., & Volodymyrets, V. A. (2015). Osobennosti vidovogo sosta-
va gidrofil’noj flory Rovenskoj oblasti Ukrajiny [Features of the species compo-
sition of the hydrophilic flora of the Rivne Region of Ukraine]. Phytodiversity 
of Eastern Europe, 9(2), 32–44 (in Russian).  
Gross, E. M., Johnson, R. L., & Hairston, N. G. (2001). Experimental evidence for 
changes in submersed macrophyte species composition caused by the herbivore 
Acentria ephemerella (Lepidoptera). Oecologia, 127, 105–114.  
Harrel, S. L., & Dibble, E. D. (2001). Foraging efficiency of juvenile bluegill (Lepo-
mis macrochirus) among different vegetated habitats. Environmental Biology 
of Fishes, 62, 441–453.  
Havel, J. E., Kovalenko, K. E., Thomaz, S. M., Amalfitano, S., & Kats, L. B. (2015). 
Aquatic invasive species: Challenges for the future. Hydrobiology, 750, 147–170.  
Hughes, F. M. R. (2003). The flooded forest: Guidance for policy makers and river 
managers in Europe on the restoration of floodplain forests. University of Cam-
bridge, Cambridge.  
Hussner, A., Stiers, I., Verhofstad, M. J. J. M., Bakker, E. S., Grutters, B. M. C., 
Haury, J., van Valkenburg, J. L. C. H., Brundu, G., Newman, J., Clayton, J. S., 
Anderson, L. W. J., & Hofstra, D. (2017). Management and control methods of 
invasive alien freshwater aquatic plants: A review. Aquatic Botany, 136, 112–137.  
Ivanyuta, S. P., Kolomiyets, O. O., Malynovs’ka, O. A., & Yakushenko, L. M. 
(2020). Zmiyna kliymatu: Naslidky ta zakhody adaptatsciji [Climate change: 
Consequences and adaptation measures]. National Institute for Strategic Studies, 
Kyiv (in Ukrainian).  
Jones, P. E., Consuegra, S., Börger, L., Jones, J., & Garcia de Leaniz, C. (2020). Im-
pacts of artificial barriers on the connectivity and dispersal of vascular macro-
phytes in rivers: A critical review. Freshwater Biology, 65, 1165–1180.  
Kaplan, Z. (2010). Potamogetonaceae Dumort. – rdestovité. In: Štěpánková, J., 
Chrtek Jr., J., & Kaplan, Z. (Eds.). Květena České republiky [Flora of the Czech 
Republic]. Academia, Prague. Pp. 329–384 (in Czech).  
Katanskaja, V. M. (1981). Vysshaya vodnaya rastitelnost’ kontinentalnykh vodoje-
mov SSSR: Metody izuchenija [Higher aquatic vegetation of the continental 
waters of the USSR: Methods of study]. Nauka, Leningrad (in Russian).  
Keddy, P. A. (2010). Wetland ecology: Principles and conservation. Cambridge Uni-
versity Press, Cambridge.  
Kornaš, A. (1968). Geograficzno-historyczna klasyfikacja roślin synantropijnych 
[Geographical and historical classification of synanthropic plants]. Materiały 
Zakładu Fitosocjologii Stosowanej Uniwersytetu Warszawskiego, 25, 33–41 
(in Polish).  
Law, A., Baker, A., Sayer, C., Foster, G., Gunn, I. D., Taylor, P., Pattison, Z., Blaikie, J., 
& Willby, N. J. (2019). The effectiveness of aquatic plants as surrogates for wi-
der biodiversity in standing fresh waters. Freshwater Biology, 64, 1664–1675.  
Lv, T., He, Q., Hong, Y., Liu, C., & Yu, D. (2019). Effects of water quality adjusted 
by submerged macrophytes on the richness of the epiphytic algal community. 
Frontiers in Plant Science, 9, 1980.  
Mouillot, D., Bellwood, D. R., Baraloto, C., Chave, J., Galzin, R., Harmelin-Vivien, 
M., Kulbicki, M., Lavergne, S., Lavorel, S., Mouquet, N., Paine, T. C. E., Re-
naud, J., & Thuiller, W. (2013). Rare species support vulnerable functions in 
high-diversity ecosystems. PLoS Biology, 11(5), e1001569.  
Mushtaq, N., Singh, D. V., Bhat, R. A., Dervash, M. A., & Hameed, O. (2020). 
Freshwater contamination: Sources and hazards to aquatic biota. In: Qadri, H., 
Bhat, R., Mehmood, M., & Dar, G. (Eds.). Fresh water pollution dynamics and 
remediation. Springer, Singapore. Pp. 27–50.  
309 
 
Biosyst. Divers., 2021, 29(3) 
O’Hare, M. T., Baattrup-Pedersen, A., Baumgarte, I., Freeman, A., Gunn, I. D. M., 
Lázár, A. N., Sinclair, R., Wade, A. J., & Bowes, M. J. (2018). Responses of 
aquatic plants to eutrophication in rivers: A revised conceptual model. Frontiers 
in Plant Science, 9, 451.  
Papchenkov, V. G. (2000). Spisok flory sosudistykh rastenij vodojemov i vodotokov 
basseyna Verkhnej i Srednej Volgi [List of flora of vascular plants reservoirs 
and water basin of the Upper and Middle Volga]. In: Yakovlev. V. N. (Ed.). 
Katalog vodnykh organizmov basseyna Volgi [Catalog aquatic organisms of 
Volga basin]. Yaroslavl State Technical University, Yaroslavl. Pp. 134–165 
(in Russian).  
Papchenkov, V. G. (2001). Rastitelnyj pokrov vodoemov i vodotokov Srednego Po-
volzhja [Vegetation cover of water bodies of the Middle Volga region]. TSMP 
MU-BiNT, Yaroslavl (in Russian).  
Pieterse, A. H., & Murphy, K. J. (1993). Aquatic weeds. Oxford University Press, 
Oxford.  
Preston, C. D., Pearman, D. A., & Dines, T. D. (2002). New atlas of the British and 
Irish flora. Oxford University Press, Oxford.  
Protopopova, V. V., & Shevera, M. V. (2005). Fitoinvaziji. I. Analiz osnovnykh ter-
miniv [Phytoinvasions. I. Analysis of key terms]. Industrial Botany, 5, 55–60 
(in Ukrainian).  
Protopopova, V. V., Shevera, M. V., & Mosyakin, S. L. (2006). Deliberate and unin-
tentional introduction of invasive weeds: A case study of the alien flora of 
Ukraine. Euphytica, 148, 17–33.  
Raspopov, I. M., Papchenkov, V. G., & Solovyova, V. V. (2011). Sravnitelnyj analiz 
vodnoj flory Rossii i mira [Comparative analysis of the aquatic flora of Russia 
and the world]. Bulletin of the Samara Scientific Center of the Russian Acade-
my of Sciences, 13(1), 16–27 (in Russian).  
Raunkiaer, C. (1934). The life forms of plant and statistical plant geography. Claren-
don Press, Oxford.  
Rennie, M. D., & Jackson, L. J. (2005). The influence of habitat complexity on litto-
ral invertebrate distributions: Patterns differ in shallow prairie lakes with and 
without fish. Canadian Journal of Fisheries and Aquatic Sciences, 62, 2088–
2099.  
Reynolds, C., & Cumming, G. S. (2016). Seed dispersal by waterbirds in Southern 
Africa: Comparing the roles of ectozoochory and endozoochory. Freshwater 
Biology, 61(4), 349–361.  
Ribaudo, C., Tison-Rosebery, J., Buquet, D., Jan, G., Jamoneau, A., Abril, G., An-
schutz, P., & Bertrin, V. (2018). Invasive aquatic plants as ecosystem engineers 
in an oligo-mesotrophic Shallow Lake. Frontiers in Plant Science, 2018, 1781.  
Richardson, D., Pyšek, P., Rejmanek, M., Barbour, M., Panetta, F., & West, C. 
(2000). Naturalization and invasion of alien plants: Concepts and definitions. 
Diversity and Distributions, 6, 93–107.  
Sculthorpe, C. D. (1967). The biology of aquatic vascular plants. Edward Arnold, 
London.  
Serebryakov, I. G. (1962). Ekologicheskaja morfologija rastenij. Zhiznennyje formy 
pokrytosemennykh i khvojnykh [Ecological morphology of plants. Life forms 
of angiosperms and conifers]. Higher School, Moscow (in Russian).  
Smith, V. H. (2003). Eutrophication of freshwater and coastal marine ecosystems – 
A global problem. Environmental Science and Pollution Research, 10, 126–139.  
Tena, A., Vericat, D., Gonzalo, L. E., & Batalla, R. J. (2017). Spatial and temporal 
dynamics of macrophyte cover in a large regulated river. Journal of Environ-
mental Management, 202, 379–391.  
Zarfl, C., & Lehner, B. (2020). European rivers are fragmented by many more bar-
riers than had been recorded. Nature, 588(7838), 395–396.  
Zub, L. N., Prokopuk, M. S., & Pogorelova, Y. V. (2018). Species composition of 
higher aquatic plants of urban water bodies as the index of environment quality. 
Hydrobiological Journal, 54(6), 47–56.  
 
 
 
310 
